I. Introduction
Welding of dissimilar metals has been one of the key topics in the field of welding during past few decades. The existing technological and economical challenges has attracted the attention of researchers to this topic. Numerous works have been done on studying the fusion welding and its characteristics for dissimilar metals [1] [2] [3] [4] . Most important parameters in welding of dissimilar metals have been coefficient of thermal expansion, solidification of welded zone, lifetime of welded parts, and thermal fatigue [1] . Welding of two metals (or alloys) with dissimilar chemical compositions is more difficult than two metals with similar chemical compositions [1] . Among the challenges in welding of dissimilar metals, presence of brittle phases, and microstructural segregations are worth mentioning. Reducing the content of intermediate phases in welding metal results in better mechanical properties and corrosion resistance behavior [2] . Spowage et. al. [3] and Tosto et. al. [4] have studied the cracks formation in the zones affected by heat in electron beam welding (EBW) of stainless steel to copper, and microstructure and possible defects, respectively.
GTAW is extensively used in welding of dissimilar metals. Shiri et. al. [5] have studied the effect of filler type in dissimilar welding of 304 stainless steel to copper. Use of copper fillers in dissimilar welding of 304 stainless steel to copper has resulted in improvement of mechanical properties of these steels. DIN1753:ES CUSn7 filler is used for welding of lowcarbon steel to copper [6, 7] . Nickel-base fillers are nowadays extensively used in dissimilar welding of steel to copper. The reason for using these fillers is to gain improved mechanical properties, higher corrosion resistance, better solid solubility, and absence of intermetallic phases [8, 9] . Different welding methods such as SMAW and GTAW, and various welding fillers and electrodes have been influential in structural properties and corrosion resistance behavior of dissimilar welding of steel to copper. The aim of this study is to investigate the weldability, and also microstructure and corrosion resistance in dissimilar welding of 304L stainless steel and commercial pure copper.
II. Materials and Methods
Chemical compositions of 304L stainless steel, pure copper, and the used fillers in welding processes are listed in Table 1 .
Geometrical and operational parameters of dissimilar welding of 304L stainless steel to pure copper are listed in Table 2 . 
Angle of inclination
To study the microstructure of studied samples, two different etch solutions are used. The chemical composition of etch solutions used in this study are listed in Table 3 . All the samples were studied after etch using an optical microscope, model OLYMPUS PMG3
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Etch solution Of Copper 10 gr of copper sulfate + 50 ml of hydrochloric acid + 50 ml of distilled water.
Etch solution Of Stainless steel (304 L)
To study the corrosion resistance behavior, individual samples of 304 steel, copper, and welding metal were cut out with dimensions of 1×1×1, and were tested using a polarization instrument, model BHP2063+, after being immersed in a saline solution (NaCl 3%).
III. Results and Discussion
In order to a make a dissimilar joint between 304L stainless steel and pure copper, four different methods were employed which are as the followings: 3.1. Method I: The SMAW method was used as the first method and the consumable electrode for this process was El-Cu-Mn2. Before performing the welding process, the copper plate was preheated to 250°C and the welding current was about 140-150 A. In this process, the welding defects such as lack of arc concentration, porosity and slag inclusion were observed. The presence of a basic coating on the electrode led to the slag inclusion in the weld metal. To eliminate this defect, the grinding process is needed which leads to the removal of a significant quantity of the weld metal (Fig.1d). 3.2. Method II: The second employed method was the GTAW process and the used electrode for this process was of El-Cu-Mn2 type (without a basic coating). The preheating temperature for the copper plate in this process was 150 °C and the welding current was about 180-200 A. This welding process is appropriate for thin metallic plates. If this process is applied to thick plates, sever distortion will occur in these plates due to a high heat input (Fig.1c) . The high heat input in this welding process may damage the welding torch.
Method III: The applied process in this method was the combined welding (GTAW+SMAW). In this process, joining was firstly performed by the GTAW process with the El-Cu-Mn2 electrode for the root pass welding and then, the SMAW process with El-Cu-Mn2 basic coated electrode, welding the filling passes was conducted. The preheating temperature of the copper plate was 150 °C and the welding current was about 220 A and 120 A for the GTAW and the SMAW, respectively. After welding, the sample was stress relieved inside a furnace for 2 hours at 200 °C. Applying the combined GTAW+SMAW welding process was appropriate for the dissimilar welding of steel to copper and resulted in a complete joint between steel and copper (Fig.2a) .
Method IV: the GTAW+SMAW combined welding process was used in this method. To make a joint, a 5-layered cladding was carried out using EniCrMo-6 nickel base electrode on the copper plate through the SMAW process and then, the GTAW process was employed to make the joint. In this welding process, ER70S-4 was used to obtain a complete joint. The preheating temperature was 200 °C and the welding current was about 170 A and 190 A for the GTAW and SMAW processes, respectively. The welded sample was stress relieved at 200 °C for 2 hours. The cladding of EniCrMo-6 nickel base electrode on the copper plate was appropriate for the dissimilar welding of steel to copper and resulted in the creation of a complete joint between steel and copper (Fig.2 a) .
The obtained results from the dissimilar welding of 304L stainless steel to pure copper are shown in Figure. 1. Figure.1. a,b) the view of steel and copper samples beveled at the angles of 35-40° ºC) severe distortion caused by a high heat input. d) Significant grinding to remove the welding slag. e) The cladding process on copper f) a welding crack in the vicinity of the weld metal in the side of copper base metal. Figure. 1f shows a welding crack in the vicinity of the weld metal in the side of copper base metal in the SMAW+GTAW combined welding using EniCrMo-6 and ER70S-4 electrodes. Pure copper has a higher heat conductivity compared with 304L stainless steel. During the welding and the solidification of the weld metal, higher heat transfer toward the copper side is done due to its higher heat conductivity which leads to the formation of thermal cracks alongside the weld metal. To inhibit the formation of these cracks, the cladding process in five layers by EniCrMo-6 was carried out on copper base metal, after which, no crack was found in the vicinity of the weld metal. The dissimilar joints obtained from methods III and IV are displayed in Figure. 2. The optical microscope (OM) images of different investigated samples are shown in Figure. 3. The resultant microstructures include the solidified steel globules and dendrites in the copper matrix as well as the solidified copper globules in the steel matrix. The copper/steel interface and the steel dendrites in the weld metal are obviously shown in the figures. Also, the solidified dendrites in the weld metal are depicted in Figure. 3g and h. Fig. 3. a) The steel/copper interface in the welding using El-Cu-Mn2 electrode. b) steel/copper interface in welding using EniCrMo-6 and ER70S-4 electrodes. c) the presence of steel globules in the copper matrix in the welding using El-Cu-Mn2 electrode. d) the presence of steel globules in the copper matrix using EniCrMo-6 and ER70S-4 electrodes. e) the presence of copper globules in the steel matrix using El-Cu-Mn2 electrodes. f) the presence of steel dendrites in the copper matrix using EniCrMo-6 and ER70S-4. g) the presence of dendrites in the weld metal obtained from the welding using El-Cu-Mn2 electrode. h) the presence of dendrites in the weld metal obtained from the welding using EniCrMo-6 and ER70S-4 electrodes.
The metallographic images show that in the GTAW+SMAW combined welding process using El-Cu-Mn2 electrode (method III), the steel and copper globules and dendrites penetrated copper and steel matrix, respectively (Fig. 3 c and e) . In a research by Magnabosco et al. [2] , they have reported the formation of the same structures in the dissimilar welding of steel to copper. The penetration of steel and copper globules and dendrites in the copper and steel matrices proves the creation of a good joint between 304L stainless steel and pure copper. In the SMAW+GTAW combined welding using EniCrMo-6 and ER70S-4 electrodes (method IV), the solidified copper and steel globules penetrated steel and copper matrices, respectively ( Fig. 3 f and d) . The presence of these solidified globules and dendrites in the steel and copper matrices indicate the creation of a proper joint between steel and copper [2] . The interfaces of these dissimilar joints are well shown in Figure. 3 a and b.
In order to investigate the effect of the consumable electrodes on the corrosion resistance of the weld metal, the welded samples (the weld metal) and the base metals underwent the polarization test. The results of the polarization test are presented in Figure. Volume 1, No 3, July 2019 , Page: 76-82 e-ISSN: 2655 -7827 (Online), p-ISSN: 2655 www. bircu-journal.com/index.php/birex emails: birex.journal@gmail.com birex.journal.qa@gmail.com 
